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$c\mathrm{O},$ $c1,$ $c2$ , c3




$(I, d, Q, f, q)$ $I$
$Q$ $f$ : $Q^{5}arrow Q$
$q\in Q$ $f(q, q,q, q, q)=q$
$A$ $\alpha$ $\alpha$ : $Iarrow Q$ $Q$
Conf(Q) Conf(Q) $=\{\alpha|\alpha : Iarrow Q\}$
$F$ : Conf(Q)\rightarrow Conf(Q) $\forall c\in$
$I,$ $F(\alpha)(c)=f(\alpha(\mathrm{c}), \alpha(c0),$ $\alpha(c1),$ $\alpha(c2),$ $\alpha(c3))$
$cx,$ $x\in\{0,1,2,3\}$ $c$ $x$
$f$ $f$






$(I, d, (0,1), f_{E}, 0)$ $\mathrm{C}\mathrm{A}$
$(0, 0, 0, 0, 0)arrow 0$ $(1, 0, 0, 0, 0)arrow 0$ (0, 0, 0, 0, $1\rangle$ $arrow 1$
$(1,0,0,0,1)arrow 1$ $(0, 0, 0, 1, 1)arrow 0$ $(1, 0, 0, 1, 1)arrow 0$
$(0,0,1,0,1)arrow 0$ $(1, 0, 1, 0, 1)arrow 0$ $(0, 0, 1, 1, 1)arrow 1$
$(1,0,1,1,1)arrow 1$ $(0, 1, 1, 1, 1)arrow 0$ $(1, 1, 1, 1, 1)arrow 0$
4 $\mathrm{C}\mathrm{A}$ $(d=6)$
( 3)
$\text{ }3$ : A configuration of Fredkin’s parity CA (Euclid).
4 $\mathrm{C}\mathrm{A}$








\yen \oplus $- \frac{3.\infty \mathrm{h}\mathrm{f}\mathrm{f}\mathrm{i}\mathfrak{n}}{\backslash \pi_{\mathrm{A}}}$




1: Rules of a-state hyperbolic spaceship.
$(0, 0, 0, 0, 0)arrow 0$ $(1, 0, 0, 0, 0)arrow 0$ $(0, 1, 0, 0, 0)arrow 3$
$(2,0,0,0,0)arrow 0$ $(0, 2, 0, 0, 0)arrow 0$ $(0, 1, 2, 0, 0)arrow 3$
$(0,2,1,0,0)arrow 3$ $(0, 3, 0, 0, 0)arrow 2$ $(3, 0, 0, 0, 0)arrow 0$
$(0,2,1,2,0)arrow 0$ $(0, 3, 3, 3, 0)arrow 0$ $(0, 2, 2, 0, 0)arrow 2$
$(0,2,2,2,0)arrow 1$ $(0, 2, 3, 0, 0)arrow 0$ $(0, 3, 2, 0, 0)arrow 0$
$(0,2,0,2,0)arrow 0$
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$.\mathrm{T}^{\cdot}.\ovalbox{\tt\small REJECT}_{\iota}^{\backslash }8^{\cdot}$ . $\mathrm{A}^{\mathrm{b}}\mathrm{o}\prime \mathrm{d}|\backslash \cdot\tilde{\mathfrak{B}}$
$\mathrm{H}7:(\mathrm{a})$ A MERGE, (b) a FORK, (c) an $\mathrm{S}$-JOIN, and









( 8(a)) “ ” $($ $8(\mathrm{b}))_{0}$
2,0 2
3
( $8(\mathrm{c})$), $10_{0}$ 9
P48: Configurations of (a) A wire and a signal (b) a
feedback loop by sharp turning (c) a crossing.





lm 9: Configurations of modules of $E,$ $(\mathrm{a})$ MERGE (b)
FORK (c) $\mathrm{S}$-JOIN (d) IOM.
$E$
10: A crossing process of $E$ .









Vg $($ \epsilon $Z^{2})$ $m,n$
$V=(k, l),0\leq k\leq m,$ $0\leq l\leq n,$ $E_{E}$
2 $((k_{1}, l_{1}),$ $(k_{2}, l_{2}))$




$10^{k-1}30^{1-1}$ $\{k\geq 1,l\geq 1)$
$10^{k\sim 1}$ $(k\geq 1,l=0)$
$\mathrm{o}^{\iota}$ $(k=0, l\geq 1)$
$\phi$ $(k=l=0)$ .
$\mathrm{C}\mathrm{A}$ $((0, l),$ $(0, l+1)),$ $((k,0),$ $(k+$
$1,0)),$ $(\langle k, l),$ $(k, l+1))$ $\mathrm{C}\mathrm{A}$ 1
$((0, l),$ $(0, l+1))$ $arrow$ $(0_{\mathrm{Y}}^{l}0^{\ell+1})$ ,
$((k, 0),$ $(k+1,0))$ $arrow$ $(10^{k-1},10^{k}\rangle$ ,
$((0, l),$ $(0, l+1))$ $arrow$ $(10^{k-1}30^{l-1},10^{k-1}30^{l})$ .






$0_{\text{ }}$ 13 01
011 $((0,1),$ $(1,1))$
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(0, 01, 011, 13)
$00_{\text{ }}$ 130
0, 01,011, 13 4 (00, 001, 0011),
(013, 0131, 01311, 013111, 0131111, 01311110,013111101),
(0113, 01131, 011311, 0113111,01131111, 011311110,
0113111101),(130)
(00, 001, 0011,013, 0131, 01311, 013111, 0131111, 01311110,
013111101,0113, 01131, 011311, 0113111, 01131111}
011311110, 0113111101, 130)
$\mathrm{C}\mathrm{A}$ $((k, l),$ $(k+$
$1,$ $l)),$ $l\geq 1$ $\mathrm{C}\mathrm{A}$ $(s, r_{1}, \ldots r_{u}, e)$
$s$ $r1,$ $\cdots,r_{u}$
$e$ $\langle$ $s,$ $r_{1},$ $\ldots r_{u},$ $e)$








$E$ 6 CAH2 $=$
$(I, 6, (0,1,2,3,4),f_{H2},0)$ $f_{H2}$
3 4.









MERGE, FORK, $\mathrm{S}$-JOIN, IOM 13
3




$\text{ }12$ : Configurations of $H_{2},$ $(\mathrm{a})$ a feedback loop by sharp
turning (b) a crossing
II 13: Configurations of modules of $H_{2},$ $(\mathrm{a})$ MERGE (b)
FORK (c) $\mathrm{S}$-JOIN (d) IOM.
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2: Rules of the 5-state hyperbolic $\mathrm{C}\mathrm{A}H_{1}$
,
$000000000\ovalbox{\tt\small REJECT}_{arrow 0}^{arrow 0}22200040arrow 0arrow 0arrow 0arrow 0arrow 2arrow 2arrow 0arrow 4arrow 2arrow 2arrow 3arrow 0arrow 1arrow 1-0$
$0,3,0,3,0arrow 0$
3: Rules of the




$4,,,4,1,4,14,4’ 1,0,,00,0’3,,,0,,’ 03,01,4,00’ 2,1,0,14,2,4,1,31,4’ 1,4,42,1,30’ 00’ 1,1,0,23,1,2,0^{\mathrm{I}}30,2,1,0,0\ovalbox{\tt\small REJECT} 111,1,0,301,0,1,11,3,0,31,3,1,041,1,1,042’ 0,13,11,3,4,0’ 11’ 4,1,0,21,1,4,3,11,3,1,0,s1,3’,1,0’01,1,1,3,01,3,0,2,11,1,0,3,1$
5-state Euclidean CA $E$
4: Additional rules for the 5-state hyperbolic $\mathrm{C}\mathrm{A}H_{2}$
$\ovalbox{\tt\small REJECT}_{0’ 3’ 2,4,1}^{3,4,3,0,0}3,,1,,3,0,04,3,3,1,3\ovalbox{\tt\small REJECT} 13,1,3,4,3arrow 0\ovalbox{\tt\small REJECT}_{3,33,1,4}^{4,4\mathrm{a},0,0}1,4,4,,0,0-34,44,0,0\ovalbox{\tt\small REJECT}_{arrow 3}^{arrow 3}1,4,3,0,0arrow 31,4,0,0,3arrow 3\ovalbox{\tt\small REJECT}_{4,1,41,1}^{4,3,4,0,0}1,31,41,4arrow 13,20,0,4arrow 33,2,4^{\mathrm{I}},0,0\ovalbox{\tt\small REJECT}_{arrow 3}^{rightarrow 3}3,0,0arrow 33,20,0,32,4,1’ 0,0arrow 0\ovalbox{\tt\small REJECT}_{4,1,1,1,4}^{3,3,4,0,0}arrowarrow 44,3,3,0,0\ovalbox{\tt\small REJECT}_{arrow 3}^{-3}arrow 31arrow 13,33,0,01,04,1,4arrow 3arrow 1arrow \mathrm{s}arrow 13,3,1,0,03,2,3,1_{1}43,3,4,1,31,1,0,0,4arrow 1arrow 3arrow 1arrow 3-13,2,4,1,31,1,3,3,33,2,3,0,04,2,1,0,01,1,4,0,0arrow 1arrow 4arrow 2arrow 1arrow 3arrow 3$
[9] Serizawa, T.: 3-state Neumann Neighbor cellular
automata capable of constructing self-reproducing
